Background Wearable technologies have the potential to increase the quality of life and wellness for individuals with ASD and their families. However, there is a lack of research on WT for ASD and no research on understanding users. Thus, this interdisciplinary research was conducted to understand important design factors and preferred functions and design attributes for WT for ASD to guide the design process in the early-stages, and to develop and evaluate a WT prototype for ASD.
Introduction
.
One way to improve quality of life for IASD is through wearable technologies (WT), which can decrease medical costs through unobtrusive monitoring of health conditions and wellbeing and provide patients more freedom (Park & Jayaraman, 2003) . Despite the potential of WT for IASD, few researchers have investigated preferences of IASD and their families on product designs and functions, which are critical for user acceptance (Sinohara & Wobbrock, 2016) . The lack of understanding of user preferences and design factors has led to limited functions, problems with usability, and inappropriate designs (Shinohara & Wobbrock, 2016) . Thus, the purposes of this study were: 1) to understand important design factors and potential users' preferred design features for WT for ASD to guide the design process in the early stages; and 2) to develop and evaluate a prototype of WT for ASD based on the defined preferences of design features and important design factors. This interdisciplinary research was conducted in collaboration with researchers in apparel design, psychology in ASD, and biomedical engineering. The results will helpdesigners in developing WT for ASD and ultimately benefit IASD, their families, clinical professionals, and educators.
Literature Review
Literature reviews were conducted on three areas: a) ASD symptoms to understand ASD and their needs and wants; b) design factors for WT for the survey preparations; and c) WT and wearable products for ASD to investigate what technologies and products are available.
1. ASD Symptoms
In the 1960s and 1970s, ASD was treated as a severe disorder or disability (Christensen, 2016 ). In the 1990s, the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) presented diagnostic criteria for a number of related disorders, including autistic disorder, childhood disintegrative disorder, and Rett's disorder (American www.aodr.org 39 Psychiatric Association-APA, 1994; Christensen, 2016) . In 2013, the fifth edition of the DSM (DSM-V) redefined ASD as a single disorder (APA, 2013; Christensen, 2016) . For this study, two groups of participants were recruited: individuals diagnosed with ASD (IASD) according to the DSM-V or with autistic disorder or Asperger's disorder according to the DSM-IV; and parents of IASD (PASD) who have lived with IASD and played a role as caregivers. It is important to interview potential users about their preferences for designs and functions, and about their challenges in daily life with their disabilities (Carroll & Kincade, 2007) . Thus, the two groups of users for the study were IASD and their parents who had observed and lived with them long-term.
Many IASD have difficulty with monitoring and awareness of their own emotional state, as their capacities for sensing and interpreting internal physiological cues can be impaired 
Design Factors for WT
To understand what aspects users would consider when purchasing and using WT for ASD, a literature review was conducted on extant research in the areas of ASD symptoms and treatments, wearable technologies for monitoring body signals, and product development for ASD to understand the aspects that designers need to consider when developing WT for ASD. The important design factors that researchers suggested and pointed out in the extant research were extracted. The derived important design factors are: safety, data accuracy, comfort, flexible material, portability, durability, reasonable price, ease of use, lightweight, small, unnoticeable design, and unique design. These design factors are defined in table 1   Table 1 Definitions of design factors
Design factors Definitions
Safety -The WT does not put the wearer at risk for any physical or psychological harm (Buenaflor & Kim, 2013; Hartman, 2014) , and keeps data private and secure (Pantelopoulos & Bourbakis, 2010 
3. WT and Wearable Products for ASD
In addition to the extant research, WT and wearable products for ASD were investigated through an online searching tool and used the keywords of autism, ASD, or autistic and wearables to find product development cases. The products were reviewed to explore available types, functions, and designs in the market, and to guidethe survey question developmentsoftypes, functions, and designs that people prefer to use. experimented with using Google Glass to aid social interaction, assisting users with skills like understanding facial expressions and eye contact (Brain Power, 2015).
4. Research Questions
Understanding potential users' preferences on functions and designs is the key for developing new products that will succeed in the market ( After the survey 1, in order to answer research question 3, a prototype was developed based on the preferred functions and design features and important design factors defined by the survey. For the survey 2, which evaluated the prototype, purposeful sampling was used. In order to maintain consistency with the survey 1, participants were recruited who met the same requirements used for the preference survey. The recruiting information was uploaded online and volunteers contacted us to participate. The prototype was shown while completing the survey. For both surveys, participants gave informed consent and completed a 30-to 60-minute survey.
2. Measurement
The survey 
1. 2. Prevalent symptoms
It is important to understand the common symptoms of disabilities in order to develop wearable products for people with disabilities (Carroll & Kincade, 2007) . (survey 1: 6.3%, survey 2: 1.9); and seizure activity (survey 1-6.3%, survey 2-none).
1. 3. Challenges in daily life
The most difficult challenges faced in daily life were closely related to the prevalent symptoms. The challenges were similar in both surveys; the most commonly reported challenges were misunderstanding and miscommunication, such as difficulty with 
1. WT use experiences
Among IASD and PASD, 20% (survey 1) and 42.5% (survey 2) had used WT types of aids for communication such as hearing aids and smartphones for their ASD symptoms. About 17%
(survey 1) and 25% (survey 2) responded that they have used aids for physiological awareness and self-management such as sleep monitoring and fitness tracking. IASD reported using WT for aiding daily tasks and PASD reported using it to track and monitor their care receivers.
2. Important Design Factors
Among the 12 WT design factors, 9 design factors had an average ranking of 4 or higher out of 5 (Table 2) . When the mean and standard deviation for all participants was calculated, the most important design factor was comfort (m=4.56, SD=.64) followed by data accuracy and durability. The most important factors for IASD were durability, which was important for long-term use specially for children uses (Hartman, 2014 The PASD preferred functions related to WT types of aids for awareness and management (Table 3) Table 3 ). After that, 26% of IASD and 33% of PASD commented that they would prefer WT that is made of flexible materials that are critical to comfort and unobtrusive designs (Gómez et al., 2008 ). Both IASD (11.1%) and PASD (13.3%) wanted WT that is easy to put on and take off. IASD also preferred that WT be lightweight (6.7%) that can affect the comfort level for long-term use (Knight & Baber, 2005) .
wanted WT that can monitor emotion or stress levels of IASD at stressful situations, because their care receivers' emotions and stress levels can be difficult to predict and their 
3. 5. Data notification
The majority of IASD (60%) and PASD (83.3%) preferred to receive the monitored data through smartphone apps due to their ease of downloads, ubiquity, and portability, which is the similar to the results of the previous research on WT for healthcare (Koo et al., 2016) .
Other IASD suggested notifications through software stored in the device itself (13.3%), while other PASD suggested notifications through webpages (16.7%) ( Table 3 ).
3. 6. Other important aspects
IASD wanted the WT to store information about medical conditions and addresses (20%) ( Table 3 ). Some PASD suggested making the product individually customizable for accuracy (20%) or using WT for future research and therapy for ASD (11.1%). Other suggestions included making it waterproof, durable, and controllable by parents; and making data history accessible. Table   2 &3 ). The most preferred function of WT was to monitor body signals such as heartbeat and respiration to inform the wearer or caregivers about the wearer's emotional state, allowing increased self-awareness and self-adjustment. This function can be facilitated by monitoring the physiological changes from the autonomic nervous system and transmitting the data to a mobile platform for display. Thus, the prototype for this study measures galvanic skin response (GSR) with sensors to detect skin-conductance changes, measures heart rate (HR) with a pulse oximeter, and tracks HR variability to measure physiological parameters (Bertuleit, 1991) . Skin conductance changes according to the activity in the sympathetic branch of the autonomic nervous system, and GSR detects skin conductance through sweat produced by the eccrine sweat glands that are densely located in the volar regions of the hand (Moore & Dua, 2004) . HR and HR variability are parameters measured to acquire more precise feedback about emotions.
2. Design
Based on the survey, the most preferred item type was accessories ( Table 2 &3 ). IASD wanted to use the WT every day, but they only wanted to use it somewhere stressful or in a gym.
Therefore, the prototype was developed as a wearable fabric accessory to allow the users to wear it every day or to easily take off if they decided to wear it only for special occasions.
Among the body zones where sweat glands are densely located, fingers are the best area to collect GSR (Moore & Dua, 2004) . Initially, prototypes of wrist band and ring-type sensors were fabricated; however, these prototypes were not large enough to measure skin conductance, and their small size made them unstable and easily affected by body movement signals. Thus, a thin and well-fitted glove was developed to hold the main components of the device and make the sensors contact skin continuously, an important consideration for measuring the signals. The glove's fit is designed such that each of the sensors has enough compression so as not to move around the fingertip, yet the glove is not so snug as to occlude circulation. To meet the expected design aspects from the survey, black colors are used to make the design unnoticeable; stretchable fabrics and conductive fabrics are used to replace hard wires and minimize stiff electronic devices so that the device is comfortable and lightweight; thin cotton fabrics are used to make the device flexible; and stretchable and rib 
4. Data Notification
In the interview results, both IASD and PASD most preferred to receive data through smartphone apps. The most preferred function of the WT for ASD was to monitor data and show the data users to users to inform them about their emotional states for better selfawareness and self-adjustment. Hence, the prototype was developed to wirelessly transmit the collected sensing data to a smartphone app for display and analysis. A smartphone app for the prototype was also developed. Data is collected from the two sensors through 
Prototype Evaluation
When participants were asked how much they liked (1=strongly disagree to 5= strongly agree) each design aspect according to the defined preferred functions and design attributes, the mean average of the results were all above 3 for both groups (Table 4) . Thus, overall, the participants liked the prototype in the aspects of the item type, functions, design attributes, use frequency/ use situation, data notification methods, and the overall designs and functions. The most liked aspect was the lightweight of the glove, followed by the data notification method, and the least liked aspect was the item type. Some participants suggested that the glove would be not appropriate in warm weather and some geographic areas and could easily be removed by the IASD. Thus, participants suggested making the fingertips open or adding a string to hold the left and the right gloves. A series of Welch's t-tests were conducted to investigate whether there were significant differences between IASD and PASD.IASD and PASD showed differences in the extent to which they liked the unnoticeable design, data notification method of using a smartphone app, and the overall functions (p<.05). IASD were more likely than PASD to like unnoticeable design (t=-.659) and the data notification of the prototype (t=-.072). PASD liked the overall function of the design more than IASD (t=2.355) did (Table 4) . For both IASD and PASD, the results of the evaluation of the prototype according to the 12 defined important design factors all showed above 3 on mean average( Table 5 ). The design factor that most satisfied participants was that the WT was small and the glove was safe to use. The design factor that most satisfied participants was that the WT was small and the glove was safe to use. The design factor that least satisfied users was the lack of unique design. The glove was designed to be unnoticeable designs. Thus, the glove design could be varied but would still look like a regular glove or make into another item type that is more unnoticeable. Some participants suggested making the glove pink for female users or other fun colors for kids (3.7%). Also, considering that among the 12 design factors, unnoticeable design was not one of the ones that most satisfied participants, designers would need to make the glove with a more unique design but still unnoticeable design. One way to achieve this goal would be to make other accessory types or garments, which were the second most preferred item type, instead of gloves. Some participants suggested making a T-shirt type or skin-colored accessories (1.85% for each). According to the Welch's t-tests, IASD and PASD showed different levels of satisfaction with the prototype. However, there was no significant difference in satisfactions with other design factors (Table 5 ). Regarding the first research question, designers and product developers also need to meet users' needs for comfort, data accuracy, durability, and portability, all of which were scored as important factors by both IASD and PASD. Comfort, durability, and portability, and For the third research question, a prototype was developed based on the research results and evaluated. Overall, the prototypeachieved the identified functions and design attributes and satisfied the important design factors. However, several aspects could be improved. For example, future versions could be a different type of item, such as an accessory or a garment.
The design could be more unnoticeable but also be more unique. The glove type could also be developed into diverse items after investigating the best areas to monitor skin conductance and HR or use other sensors to monitor physiological changes.IASD were more likely than PASD to like the smartphone app. Hence, different modes other than the smartphone app could be set up for better notifications and information displays for PASD.
There is no previous research investigated preferences or defined important design factors www.aodr.org 53
on WT for ASD. The results can guide designers when developing WT for ASD and ultimately benefitIASD and their families. Considering the privacy and accessibility of IASD and their parents, the number participating in this study is acceptable (Sandelowski, 1995) . The most commonly preferred item types for the WT were accessory or garment types; this preference could have influenced the other preferred design attributes and design factors. Thus, it could be interesting to investigate whether there are differences to consider when developing different item types. Because of the wide age range among participants, there were a limited number of participants in each age group. Thus, it would be worthwhile to conduct surveys among large populations to investigate whether there are differences among groups with different demographic backgrounds. In addition, it would be meaningful to hear expert opinions, besides users' opinions, and to conduct interviews and observations with both experts and users.These research efforts can be extended to people suffering from other developmental, neurological, or sensory disorders such as ADHD and dementia.
